Introduction
Iron group metals (Fe, Co and Ni) were considered as a base to access of polymetallic catalysts. Their activity and selectivity can be drastically improved by the addition of other transition elements. The active part of these catalytic systems is a disordered, mainly amorphous, oxide-metal nanostructured layer covering a support [1] . The morphology and stability of polymetallic catalysts strongly depends on the preparation routine and the nature of the precursor. Thermal activation, treatment with an alkaline or acid solutions, with further washing or impregnation, may be used to improve catalytic properties of iron-base catalysts [1, 2] . Double complex salts (DCS), containing coordination cation and coordination anion, have been proposed as promising, single-source precursors for polymetallic and oxide materials, with promising catalytic activity [3] . Previously we investigated double complex salts with a general formula [M 1 (A) 6 ][M 2 X 6 ], where M 1 , M 2 = Fe, Co, Ni, Cu; A = NH 3 , en/2, tn/2, ur (En-diaminoethane; Tn-1,3-diaminopropane; Ur-urea), X = CN − , C 2 O 4 2− /2, as precursors of bimetallic catalysts [4] [5] [6] [7] .
Their thermal decomposition products were tested as catalysts for H 2 O 2 decomposition [4] , gas-phase oxidation of ethanol and acetone [5, 6] , as well as in the solid-state decomposition of NH 4 ClO 4 [7] . It has been shown, that thermal decomposition products prepared by thermolysis in a hydrogen flow are active in decomposition of H 2 O 2 . Nevertheless, ethanol oxidation and NH 4 ClO 4 decomposition can be catalyzed by thermal decomposition products in the air. In the most tested samples of these catalysts, residual carbon was detected. It should be noted that a mechanism of carbon formation in the thermal decomposition of carbon, containing double complex salts in a solid state is still unclear. The chemical [Co(NH3)6][Fe(C2O4)3]•3H2O is a precursor for a mixed Co-Fe-containing catalyst. It is sufficient due to its relative low thermal stablility and absence of any toxic components as products of its thermal decomposition [8] . Gaseous products can be overall removed from the solid products of its thermal decomposition. As a general trend, thermal decomposition in a hydrogen atmosphere proceeds in one step, and the process of thermal degradation in an inert atmosphere can have several separate stages [10] , which is the reason we settled on an inert atmosphere. The thermal decomposition in the inert atmosphere (helium, argon, or nitrogen flow) is a solid-phase process in the inner coordination sphere of cations and anions, i.e., all products of their thermolysis are formed due to the interaction of the central ions with ligands coordinated to them. It is important, that thermal decomposition of double complex salts can be characterized as a ligand exchange and interaction between central metallic ions and ligands. The detailed understanding of thermal analysis curves and volatile thermolysis products should be accompanied by material balance analysis to be able to understand As a general trend, thermal decomposition in a hydrogen atmosphere proceeds in one step, and the process of thermal degradation in an inert atmosphere can have several separate stages [10] , which is the reason we settled on an inert atmosphere. The thermal decomposition in the inert atmosphere (helium, argon, or nitrogen flow) is a solid-phase process in the inner coordination sphere of cations and anions, i.e., all products of their thermolysis are formed due to the interaction of the central ions with ligands coordinated to them. It is important, that thermal decomposition of double complex salts can be characterized as a ligand exchange and interaction between central metallic ions and ligands. The detailed understanding of thermal analysis curves and volatile thermolysis products should be accompanied by material balance analysis to be able to understand how inner coordination spheres change with heating. Special large-scale experiments are necessary to address whose issues. . It is a model system for an in-depth study of more complex cases of the formation of carbon-containing single-source precursors for catalytically active systems. A key crystalline intermediate was isolated and studied using thermal analysis, infrared (IR) spectroscopy, and powder X-ray diffraction. Gram-scale experiments allowed us to isolate homogeneous air-stable samples and investigate their catalytic activity in model reactions. The catalytic properties of nano-structured bi-metallic powders, which do not contain carbon, were characterized in oxidation-reduction reactions. A powder X-ray diffraction (PXRD) study was performed using a Shimadzu XRD 6000 diffractometer (room temperature, CuKα radiation, graphite mono-chromator). IR spectra were collected on a Nicolet 6700 FT-IR spectrometer in KBr tablets. Characteristic absorption maxima in the IR spectrum, cm Specific surface areas were measured using a Tristar 3020 unit. Samples for specific surface area measurements (Table 1) were prepared in a tubular quartz reactor inserted into a tubular Nabertherm RT 50-250/11 furnace.
Materials and Methods

A total of 400 g of [Co(NH
Thermal gravimetric (TG) curves were obtained using a NETZSCH STA 409 PC/PG ( Figure 2 . Scanning electron microscopy images were obtained using a SEM-Leo 420 microscope ( Figure 3 ).
Intermediate products were isolated after heating [Co(NH 3 ) 6 ][Fe(C 2 O 4 ) 3 ]·3H 2 O up to 250 (I-1) and 260 • C (I-2) in argon flow in a quartz vessel using a THERMODAT 1955 programmable furnace with a heating rate of 3 • /min. Products were tempered at final temperature for an hour and cooled naturally during 24 h. White condensate, from a stream of gaseous products, was collected in a vessel with Raschig rings cooled by ice (0 • C), NH 3, and CO 2 were collected in two coupled Drexel flasks with HCl and NaOH water solutions. Details are given in Table 2 .
Catalytic tests were performed using 0.1 g thermolysis products II-1, II-2, III and IV. The reactions mentioned above were used to test the catalytic properties of the products. The 1-decomposition of hydrogen peroxide occurred in an aqueous solution in the presence of a solid sample [4] . The first order rate constant has been determined using the residual concentration of H 2 O 2 . The 2-gas-phase oxidation of acetone with oxygen in a current of air, the speed of which was determined by the amount of CO 2 formed per unit time [5, 6] . The 3-solid-phase decomposition of ammonium perchlorate with an additive of 1% of the catalyst to be tested, the efficiency of which was determined by lowering the temperature of complete decomposition of NH 4 ClO 4 [7] . H2O2. The 2-gas-phase oxidation of acetone with oxygen in a current of air, the speed of which was determined by the amount of CO2 formed per unit time [5, 6] . The 3-solid-phase decomposition of ammonium perchlorate with an additive of 1% of the catalyst to be tested, the efficiency of which was determined by lowering the temperature of complete decomposition of NH4ClO4 [7] . 
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Thermal Decomposition Products
Carbon-containing double complex salts, such as hexacyanoferrate [14] , usually form amorphous carbon as a bi-product of their thermal decomposition in an inert atmosphere. Nevertheless, after the thermal decomposition of [Co(NH 3 (Figure 2 ) already starts below 100 • C, which corresponds to its dehydration (ca. 10 wt %). Tubular crystals of initial salt reveal their shape after complete dehydration above 100 • C (Figure 3 To compare the results of thermolysis of DCS and the intermediate, a weight of 65 g (0.1215 mol) of the original DCS was heated to 370 • C, at a speed of 3 deg/min in the above-described installation with an hourly exposure. When the ampoule was opened, the residue was heated up to more than 100 • C. A residue of 19.95 g (30.7%) was obtained, product III. The specific surface is 12.1 m 2 /g, the sample is completely crystalline. According to X-ray phase analysis (Figure 4) , it is a mixture of oxides M 3 O 4 , ( Table 2) . Thus, the material burned down, and was, apparently, metal. Repetition of this experiment at 385 • C under conditions: 60 g (11.22 mmol) in argon gave a residue of 29.5% (17.7 g) of product IV. S sp = 16.1 m 2 /g. When opening the furnace chamber, the material also warmed up, but less than III. The results of the analysis of III and IV, see Table 2 Table 2 ). The composition of both samples (II-1 and II-2) can be estimated as CoFeO0.5 with 80 wt % of metals. II-1 and II-2 are crystalline and can be identified as a mixture of CoFe alloy and Co1.5Fe1.5O4 mixed oxide.
To compare the results of thermolysis of DCS and the intermediate, a weight of 65 g (0.1215 mol) of the original DCS was heated to 370 ° C, at a speed of 3 deg/min in the above-described installation with an hourly exposure. When the ampoule was opened, the residue was heated up to more than 100 °С. A residue of 19.95 g (30.7%) was obtained, product III. The specific surface is 12.1 m 2 /g, the sample is completely crystalline. According to X-ray phase analysis (Figure 4) , it is a mixture of oxides M3O4, (Table 2) . Thus, the material burned down, and was, apparently, metal. Repetition of this experiment at 385 ° C under conditions: 60 g (11.22 mmol) in argon gave a residue of 29.5% (17.7 g) of product IV. Ssp = 16.1 m 2 /g. When opening the furnace chamber, the material also warmed up, but less than III. The results of the analysis of III and IV, see Table. (Figure 3) , which is probably a result of gas release through the crystal body. 2 O thermal decomposition. Nevertheless, a detailed in situ study, using powder X-ray diffraction and IR spectroscopy, will give a much more clearer understanding of secondary oxidation, which might occur under air expose. We are planning to report such a comprehensive study soon for the community.
Catalytic Tests
Samples III and IV were tested as catalysts of the H 2 O 2 decomposition, which turned out to be inactive in it (the degree of decomposition of H 2 O 2 is 3-4% for 75 min). In the oxidation reaction of acetone, product III showed the observed reaction rate constant at 350 • C of 1.18 × 10 −4 s −1 , and product IV has 1.77 × 10 −4 s −1 , which is characteristic for bimetallic oxide as thermolysis products. It is at the level of the previously studied products of thermolysis of other Co-Fe double complex salts [5, 6] .
The product II-2 has been tested in a reaction of decomposition of NH 4 ClO 4 . A presence of 1 wt % of II-2 reduces the temperature of complete decomposition by 150 K. That is much better in comparison with other studies where Cu, Cr, Mn oxides were used [18] [19] [20] . At the same time, it is comparable with ZnCo 2 O 4 which reduces the above-stated temperature by 162 K [21] . Partially oxidized CoFe alloy shows relatively high activity as the catalyst of full decomposition of ammonium perchlorate.
Previously, we received very high activity values in a reaction of decomposition of H 2 O 2 (a rate constant to 10 −2 L s −1 g −1 [4] ). Such systems were obtained as products of DCS thermal decomposition and contain above 10 wt % of residual carbon, and have a specific surface area of about 100 m 2 g −1 [4] [5] [6] [7] . Low specific surfaces areas and the absence of residual carbon can be correlated with a low catalytic activity. Further, the effect of residual carbon on the catalytic activity of thermolysis products should be investigated in more detail, considering the local structure of metal-carbon intermediates obtained by the thermal decomposition of carbon, containing double complex salts such as [Co(en) 3 6 ] 2 and its analogues [4] [5] [6] [7] .
